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(54) High solids thermosetting compositions with dual cure mechanism 

(57) Disclosed is a curable coating composition that 
includes a compound having both hydroxy functionality 
and carbamate functionality of the structure 



O — C— NHR 



wherein R is H or alkyl, a polyisocyanate crossl inking 
agent, and an aminoplast crosslinking agent. The effec- 
tive equivalents of the aminoplast crosslinking agent is 
equal to or less than the equivalents of carbamate func- 
tionality and the effective equivalents of polyisocyanate 
crosslinker is equal to or less than the equivalents of 
hydroxy! functionality. The carbamate-fundional resin 
and the aminoplast crosslinking agent provide rheology 
control during the early part of the bake to cure an 
applied coating of the coating composition. 
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Description ' ;° * JT:C ' % ' S ^'"^ :-jy.--*4 iioto**- .rrvf-;: ^r. 

■ ■ till.:* v.-. . ; . _ ■ <; ^ ^g s ^ t 

Field Of the Invention ^ -v; ' o;!- ^ r; m 



[0001] ^P^en^tionrelatestoth 
Background of the Invention 

Si inSS°B!2SS th°2T ?r'°:" P,US ' C,earCOmpOSite COa,in9S " are wide * used - in the auto- 

motwe industry became of the.r exceptional appearance. Automotive coatings must not only have the desirX 

appearance properties of high gloss, depth of color! dstinctiveriess of image. arxTsO on : but fC^3^S2 
T a ^ ,n ^ n9 ' <* from ^onrnental deposit^ chalking. SESS 

V~ re9n '° bl ° cked P^yisocyanate must be from 50/50 to 95/5 by weJgW to 
[0006] U.S. Pat. No. 4.102.847. Hartmann et al.. and U S Pat No 4 892 ore? Ph= m - a , , 



Summary of the lnveHtihn ;; 
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It is possible in this way to have the benefit of the faster reaction between aminoplast crcsslinkers and carbamate 
groups while avowing formation of undesirable ether linkages h the cured coatino L w,xld resuft fr™ reaS 
residual functionality of the aminoplast crosslinker with hydroxy! groups. 

[0009] The coatings formed from the compositions of the invention thus preferably have all urethane linkaoes The 
amount of mebmine necessary to react with the carbamate funaipnaMty.present is also pre J£ low enough ^ that 

a ively fast react,on of the melamine with carbamate *&-frlS!ffi%&t am . An added bSfrom tSe presence 
of somemelam.ne ,s a higher solids composition as compared to"a system using all isocyanate aossX 

Detailed Descri ption 

[0010] The : present invention provides a curable coating corrp^Mpdluaes a crosslinkable component and a 
° T"i? COmp0nent The crossHnkabte component includes a compound havina both hydroxy, and 
"J ^ ?, C °r binati0n ° f a r ' St ^^^ying hydroxy! functionality and a second corr^nd 

^a^c™ 

[0011] Carbamate groups according to the present invention «n generally b« ^aracterized by the formula 

O 

II ■ 
-— O — C— NHR ' ' 



wherein R is H or alky., preferably of 1 to 4 carbon atoms: More preferably. R is H or methy.. and even more preferably 

[0012] Preferably the curable compositions of the invention include as the aosslinteble comoonent either (D a resin 

bmation of one or more first compounds that are resins or polymers having a plurality of hydS groups and one or 
more second compounds having a plurality of functional groups, at least one of which fs a c«Sl2SSS 
The second compound may be a simple mpnomeric compound having either (H at least ^LSSSSSS 
atleast one carbamate group and at least one hydroxy, group. Alternatively, the secorid com^un^ KaVbia 

kSZ SIS* 8 P fi" ° f Mmai 9r0UPS ' 3t ' eaSt ° ne ° f Which fe a ca^funSS^i 
another embod ment of the ,nvent.on. a combination of two or more of such rhonomeric second compounds and resin 
ous or polymeric second compounds may be employed. ' • ^ ^ ' res>n 

IS „ ^ component includes at least one polyisocyanate crosslinker and af least one arrtnoolast 

crosshnker. The effective equivalents of the aminoplast crosslinking agent is equ^^ 

bama efcnc*ona!rty in thecurab.e coating composition. Preferab* the ratio* effectiv 55^^22SS 

SKSSr T y ^ 1 ^ equivalems 0t ,he Po'^yanate crossing agent iS^ 

equal to or less than the equivalents of hydroxy! functionality in the crosslinkable component' More preferably the ratio 
of effective equiva.ents of the po>yisocyanate crossing agent to equiva.ents of hydroxy. fuSna SiES 
1.1. and even more preferably up to about 0.9:1. The ratio of effective equivalents of the pdlViso^anL ctossiS 

STataJE T ? °' hyd r ! " 3,50 m0fe Preferatty a ' *°* S^re pTSTat 

least about 0.6:1. In a particularly preferred embodiment, the ratio of effective equivalents of the P oiyisocy»nafe 
crossl.nk.ng agent to equivalents of hydroxy! functionality is about 0 71 h P°VW«y-nate 

SSI* 1 J ? ",?T "f 6C,ive ec ' uiva,ents " » «sed in connection with this invention means^ulvalents based upon 

0^^ ^ 

of functional groups of an am.noplast crosslinking agent that can be expected to react is often' less than the numbe7of 

S^^oS^ O,reaCh0n ^ t0 Stef,C hind6ranCe ,r ° m Cr0SSlinkS a^eady Sd^erln Sfions 
„ P of the remaining groups, or other such factors with which a person of skill in the art would be famil- 
iar. It * well-known ,n the art. for example, that the effective number of functional groups of MdnJ^ 2- 

l T C TT * ,6SS tha " th6 ,he0retica, ^ ex *« « reaction of ,«h P e varioMS *e tyrSs 

spSioW ' ned ^ traditi0na ' SUCh ' 3S ' " P^H'ar. ^urier ^^.rrfra^^ 

[ °?j!L . The ,irSl compound .w compounds that are resins or polymers having a plurality of hydroxy! grouos mav be 
se ected from many type of resins or polymers known to the art to he useful in curable aiMg 
Myesters. polyurethanes. polyethers. and addition polymers such as acrylic resins and pollers ' 
[001 6] Non-l,m,ting examples of suitable polyester polymers are those prepared' from polyacids (compounds with two" 
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mmmm 

diisocyanate 1 2^iisoi^to«^?S! tconposibon. Useful examples .nclude. without limitation, ethylene 
methyLe Ss (qSSSSRSSSS ^SS^? ^'^ diisocyanate. lysine diisocyanate 1.4- 

IT 'i'TI'i .. i 

of an acidic or basic catalyst " : : ' " " %!F ,e .n e -°x.de. for example, ethylene or propylene oxide, in the presence 
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or more hydroxy! groups. Acrylic resins synthesized 



methacryhc acid. (In thff context of describing the preseViiT.^SS 9 ^£2238* acr >* c or 

S^Sc^X^nT 9 ^ "■J"" ^ i 

tor a ^ ™° " "^""'•n* '< <*»i" lister •>« 
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mam Proi^^ ■ reaction temperature is preferably no more than thirty minutes 

molecular weight car beSmined £ , 2SSS2lf Bn F**** ff0m about 1000 to about 300 ° The 
sition temperaL oa^ST^ n ^^^°T^ y USing 3 standard. The glass tran- 

» the comonomers. l^efSS SSmtn? L ?^ ^ " * reu * Se,eCtion and apportionment of 
+80-C- more Drtfwhfr^fnS^ „ ' ? 9 °' 4? * aCTy,,C P^^er or resin is between about -20-C and about 

aCry " C W 3t ,eaSt abOU < +10 ° C - ^ ^ -ore preterably.the T g 

of which is "i ; irbamai functional oS^^^ST ^ 3 p,ural,ly of functional Qroups. at least one 
groups c m^w!ft£SSS« ^ COmPOmd m * haVe 3 P 1 ^'^ ^ carbamate 

may indude a resin 6rSSiS^!SS^X °? J*?* ^ «*"P«*°n 

mer carrying the cSS SoSTn S % U V °' *" ^ 3,1 e %'^ally unsaturated mono- 

acrylic polymer with SrSaf £oX £*£^™ k * ° r ^^rized to produce the 

U.S. Patent Nos 3 479 328 3 eSST^^-^^ e; ^°^ 1he 3ft 3nd are descri °«<. 'or example, in 
eni^lly unsaturat^^^ Particuterly preferreTethy,- 

propyl carbamate (melmacrvlate 2 CrnwK, k f-^oxyethyl carbamate (meth)acrylate, 2-hydroxy- 
(r^acrylate^^ (^acrylate. N-methy.-2-hydroxyethy, caLmate 

N-fcit^-hydroxye^ (m?th)aaylate. N-propyl-2-hydroxvethyl carbamate (meth)acrylate. 

hySyprc^^t^^ (meth)acry.a. e . N-ethV^ 

carbanS^X^^ 

Kwi.hSe^ 

functional polymers." usinT S ^ wtZZTn thf J'r " C ° niUnCtion Me Mroxyl- . 

ethylenically unsaturated LnoZTn JveLSn ^ ?*i ' ^ * 6Xamp ' e - 0n6 method of synthesizing an a.p- 
Another method «J5S££^ T t0 ^ ^ Cart>amyl0Xy Carb0Xy,ate - 

hydroxy carbamate ester A hvdrcTS ^rt^? 1 Y ' eact,on of an ^-""saturated acid or anhydride with a 
with a cyclic carbmate such astSe cSTlf ^ T & * 3 Primary ° r S6Condary amine ° r famine 

group vL acryTor meth^ C3rb ° na,e ' ,0,,owed * of the hydroxy. 

55 5.474.811. ^ 

SnatS.'o.^ 
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SiS-TTSTS" f" 1 ^ Ph0Sph °" ium ****** <CH 3 ) s Sn.. Bu 4 onl. 3u 4 P,. a7,d'(^. 
TteSS? SSiit o 2 3 ' Ik !!! b,y ' n combinatio " «o«n others, tin ocloate. caelum octoaie. and thelite 
2 2™ ^ ^ ^ * 6,1 1X5 COrM,rted to 3 « described above. Any unsaved boS 

' Z£ OT 7 e T Carbamate gro ^ s by ,irst ***** to convert to an epoxy group thS S 

form a cycl,c carbonate, and then with ammonia or a primary amine to form the carbarn*? 2 

KS? «• ^ 9r ° U ^' SUCh 38 hydr ° Xy ' 9r0UpS or is °cyatiate.yroups. car. also be converted io carbamate arouos 
Hydroxy! groups can be converted to carbamate groups by reaction with cyanic acid (which ^ befcZfh^SS 
thermal decomposition of urea) to form the primary carbamate group ^^mtMSS^^^S^ 
Th.s react,on preferably occurs in the presence of a f^^^kithB^Ahf^S^J^^^ 
wrth phosgene and then ammonia to form a primary carba, naie group. Another approach is to SSSS! 
a compound such as hydroxyalky. carbamate to form a carbamate-capped isocytuL oJS^ZZS^* 
i^LZZ™ diiS0Cy r t6 66 reaCt6d "* '^^y carbamate, followed b^SSf ihe X 

estenfeafon approach ,n wh.cb the hydroxyl group is reaciea with an aikyl carbamate (e g methyl Srtemale eL 
orS • Carbama,e ! ,0 ^ 3 Cart)amate ^-containing conjund. This reaS™ I EXSSSE £f 
preferably .n the presence of a catalyst such as an organometallic catalyst (e.g., dibutyltin dfaurate) SIbaraS Sm 
pounds hav.ng lower a.M groups give faster transeste Nation. The esterifLL isSLyfed o^S^u^s' 
ESZESfS* T"' 65 °! USe,Ul CBtaWte inC,Ude - wWlout '•^t.on. dibutyltin cLX^SESfaS 
h ?l rea f T ' S a,S ° by Br0ns,ed acids ' such as Para-toluene surfonic acd A meSi ta- 

E ^ ^ hydr ° Xy ' 9r ° Up 00 3 ""P 0 ™* and ,hen averted *o carbamate In thfs action tne 

unsaturated bond .s then reacted with peroxide. C0 2 . ana ammonia as described above Uami^Z^^ 

SL^^ T 8 *? hydr0Xy ' 9r ° UpS - 3 carbamate, such as hydroxypropy. 

m ^ lb0Cy an ff groups on the polymer, lsocya.iate-functio.nal acrylics are known in the art ard ane 

[0043] The carbamate-functional resin has at least two carbamate groups per molecule and oreferablv it an 
uXt e l Wa f ^ eSS . ,han 700 ^ ornate fu^on^ity. I P L£.e. J^SSS £ 

nmS £ 9r0UPS ° f 31 ' eaSt 006 Ca ' ba,nate 9rou P ^ a « ,east or * "Vdroxyl group. 

. monomer,c compounds include hydroxyaikyi carbamates, compounds having a carbamate croup 
a^ah^rpxyHerm,nated segments 



OH 0 

l li 

-C(CH 2 ) n -0-C-NHR 



"^chnrepresehtsan^^ 
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More preferably, R is H pr m^yL^f * , ^ mgp fv^ra^p ^ Preferred hydroxyalkyl carbamates include hydrox- 
yethyl carbamate a^,^rp^rcp^ ,v 5i "niai|f ' 'U!'!*^,^'^ •.' . 

[0045] Hydroxyalkyl carbamates rra„y . v _ am hydroxyalkyl cyclic carbonates. Certain hydroxyalkyl cyclic 

carbonates like 3-hydrox>pcopyl carbonate (i.e., glycerine carbonate) are commercially available. Cyclic carbonate. 

5 compounds can be synthesized by one of several approaches described above. One approach involves reacting an 
epoxy group-containing compound With .O62. .Epoxidp^ can also be reacted, with p-butyrolactone in the presence of 
such catalysts. In another approach, a glycol like glycerine is reacted at temperatures of at least 80°C with diethyl car- 
bonate in the presence of a catajyst (e.g.. pbtasa^m carbonate) to form a hydroxyalkyl carbonate. Alternatively, a tunc-' 
tional compound containing a ketal of a 1 r ^^ipt^hay^pg[ tH^.striicture: 

10 . .. \; V I '' . I . ..... . ' ... . . ... \ 




can be ring-opened with water, preferably with a trace amount of acid, to form a 1 ,2-glycol, which is then further reacted 
20 with diethyl carbonate, to fprm^he. cyclic carixinate. \ . 

[0046] . Cyclic carbonates typically have S6-memt>er rings, as.is known in the art. Five-member rings are preferred, 
due to their ,ease of synthesis and greater degree of commercial availability. Six-member rings can be synthesized by 
reacting phosgene with 1,3-propane dtol under c»pd$pbs ( '|^QWD. in the $rt for the formation of cyclic carbonates. Pre- 
ferred hydroxyalkyl cyclic carbonates used in the practice can be^£preserrted by the formula: 



25 



30 



<R), 



35 in which R (or each instance of R if n is more than 1 } is £ Hycfrqxyaikyl group of 1-18 carbon atoms, preferably 1 -6 carbon 
atoms, and more preferably 1-3 carbon atoms, which, may be linear or branched and may have substituents in addition 
to theJiydtoxyl (which jj^fcmay be primary, secondary, or tertiary), §n^ n is 1 or 2, which may be substituted by one or 
more other substituent§ such ^s blocked amines qr un^tu^ted groups.. More preferably, R is -C m H2 m OH where the 
hydroxy! may be primary pr secondary and m is 1 to8,and even more preferably, R is -(CH2)p-OH where the hydroxy! 

40 is primary and p£ 1 tq^ ^ ... f '' ^.i'. '^V Zi. 

[0047] Amino (^jbam^tes are described in U.S. Pat^ 

[0048] tn one preferrM embcxJiment, the carbamate-functidnal resin is the aclduct of a hydroxyalkyl carbamate and 
the isocyanurate b? isoghorone cjiisocyanate. Adducts of hydroxyethyl carbamate, hydroxypropyl carbamate, or combi- 
nations, of th^se with^|iph^tic poiyispcyariates_such as those mended above are particularly preferred. 

45 [004&]^ fn y#,^ the invemion, c^ttaj^aie functional resin or polymer is formed by reacting the 

cyclic qarboniaite gra^op $ cycfig carbonate-f unctional polymer with ammonia. Cyclic carbonate-functional acrylic ppl- 
ym$rs^ known^ described, for exampj^e/ in MS. latent Noi 2,979,514. Carbonate funcjionality may 

be synthesized by reding ^n epoxide group with rart>dn dioxide according to known methods, such as those descn*bed 
above. . ' ' '.V." \" ! % ■ ' • ' ' ' ' ,w " ' ' 1 ■ - ■ ■. . " 

so [0050] Tbj^ con^^ons of. the present iriyeritf^i .fLirthfei: include "one or 'more aminoplast resins, Methylol or meth^f 
alkoxy groups of the jjmbppiast resins react preferentially with the carbamate groups of the carbamate-f unctional com- 
pounds, a^ opj^os^to the hydroxyl functionality of the composition^ ^ curing temperatures contemplated by the 
invention. After^lJ o|t^ carbamate fujnictionality has b^^readi^Vl^c^.^uwalents of aminoplast resin, if any. may 
further react wilblhe^ Howeyer. thisfurther reaction is not preferred when ft pro-. 

5s duces ether linkages'in the curW film. For this reason, Is preferred that there is essentially no reaction between the 
aminoplast curipg agent ^nd .the i hydripx^!^pptpnal^yr * 

[0051] The reaction b^ween.^i^a^t||inaiki carbamate-functionai compound serves to control the rheology of 
the coating composition during the initial stage of the bake. Without the aminoplast-carbamate reaction, the viscosity of 
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the coating composition becomes too low as it is heated to the curing temper' ire and b..^ 'J:e isocyanate-hydroxvl 
reacton progresses to aft appreciable extent. WH^^^MS* a- ! 1 ^esih end carbamate- Actional 
compound* therefore key to preventing unwanted coating dafeo" aWfibw during ihe baKing cycle such 

as sagging, slumping, fat edges; Grange peel, and so brK' : ^ r ^- ^ ; ^Kf , v r ; . . ; , ' . 

preferably fully ethenf.ed. Melamine and urea are preferred amines, but other triaziries. triazoies, tiiazines guanidines 
or guanamines may also be used to prepare the alkylated amine/aldenyde amirioplast resihs adsslinking agents The 
am.noplaslres.ns are preferably amine/formaldehyde condensates, arthough other aldehydes; such as acetakiehyde 
crotonaldehyde. and behzaldehyde, may be used, ^limiting eicarnplesdf pr^erred amfhoplast resins include mono- 
meric or polymeric melamine formaldehyde resins. induding melamihe resins that are partiallVdr fully alkylated using 
alcohols that preferably have one to six. more preferably one to four, carbon atoms, such as hexamethoxy methylated 
melamme; urea-formaldehyde resins including methylol ureas and siloxy ureas such as butylated urea formaldehyde 
resin, alkylated benzoguanimines. guanyl ureas, guanidines. bJguanidines. polyguanidines. and the like. Monomeric 
metamme formaldehyde res.ns are particularly preferred. The preferred alkylated melamine formaldehyde resins are 
comrneraally avateble. for example from Monsanto Corp.. St. Louis. MO. under the trademark RESIMENE or from 
Cytec Industries. Stamford, CT. under the trademark CYMEL 

[0053] The polyisocyanate crosslinking agent is preferably an aliphatic, including a cycloaliphatic. pblyisocyanate 
Aliphatic polyisocyanates are preferred because of the better color and resistance to UV degradation of aliphatic 
po yisocyanates as compared to aromatic polyisocyanates, Illustrative polyisocyanate crosslinks include, without lim- 
itation al.phate dnsocyanates such as 1,2-diisocyanatopropane. 1.3-diisocyanatopropane. 1 ,2-butylene disocyanate 
1,3-butylene diisocyanate, 1,4-butylene diisocyanate. 2.3-butylene diisocyanate. lysine diisocyanate. 4 4'^eW 
e neb.s(cyclohex y l isocyanate). isophorone diisocyanate. diisocyanatdcyciohexane, pentamethylene diisocyanate hex- 
amethylene diisocyanate. 2.2.4- and 2.4,4-thmethylhexamethylene diisocyanate. and biurets, allophanates' ahd 
isocyanurates of these. Especially preferred are the isocyanurates of hexamethylene diisocyanate and of isophorone 
di^ocyanate and mrxtures of these isocyanates. Commercial polyisocyanates are available, for example from Bayer 
Pittsburgh. PA, and Huls. Piscataway. NJ. - ' 

[0054] It is also useful to read excess diisocyanate with polyol to form a polyisocyanate crosslinker. Preferably, the 
polyisocyanate product of this reaction is monomeric. For example, useful crosslinking agents can be made by reacting 
two equ.valents of a dnsocyanate such as hexamethylene diisocyanate with one equivalent of a polyol such as ethylene 
glyco propylene Jco . 1.4-butanediol. 1.6-hexanediol,neopentyl glycol, trimethylpentanediol. cyclohexanedimetha- 
nol. glycerol, trime hylolpropane. trimethylolethane. pentaerythritol. or mixtures of these. The reaction between polyiso- 

^^Ty^°T y , 6 ^"J^ ne3t ° r in S0,Uti0n - and °P tional, y use a ^talyst. such as the organotin 
catalysts dibutyltin dilaurate and dibutyltin diacetate 

ElffL Th f polyiso 5 ana,e crosslinking agents are preferably blocked with compounds such as phenols, caprolactam. 

SIT ^ rT 5 ,, 51 ^ 35 ''J**™ 0Xime ' " ,e,hyl ethyl ketoxime ' -C**heDcanorie oxime. acetophenone 
2 rf.f , ■ ™" a ' l0W the P 0 ^^ 8 "^ crosslinking agent to be formulated into a stable compcsrHon. 
Methyl ethyl ketoxime and acetone oxime are preferred for their low unblocking temperatures ' 
[0056] The impositions may include one or more catalysts, and preferably include at leasi one catalyst tor the ami- 
noplast reaction and at least one catalyst for the isocyanate reaction. Useful catalysts include, without limitation, alkyl- 
suNorac acid, arylsultonic acids, andalkylaryl sulfonic acids, such as methane sulfonic acid, p-toluene sulfonic acid and 
dodecylbenzene sulfonic acid; dinonylnaphthalene disulfonic acids; phosphoric acid and its esters, such as phenyl acid 
phosphate hydroxy phosphate ester, and butyl phosphate; boron trifluoride etherate. frifeiiiiic acid. monoDutyl 
maleate. tnflicacid; zinc octanoate. stannous ortanoate. dibutyltin dilaurate. dibutyltin diacetate. bismuth Octoate and 
so on. Preferred among these are blocked and unblocked alkyl sulfonic acids and dialkyltin sate : 
[0057] Although the coating compositions of the present invention may be used as powder coaangs. preferably, the 
coating compositions further include organic solvents. In one highly preferred embodiment! the corrpositioris aie sbl- 
verrtborne coating compositioris. Preferably, the coating compositions are organic solvent solutions. The solvent rhay 
be present ,n *v amount of from about 1 S percent to about 99 percent by weight, preferably ircrrt about 20 percent to 

S! y W6 ' 9 a " d m0re P^^'V from 20 percent to about 50 percent by Uight 
[0058] The selection of particular solvents may be made according to methods well-known it »» art. The optimum 
solver* or mixture of solvents may be arrived at by straightforward testing of the particular f.^e. In general useful 
^H^r I™" r^ 0Ut lim " ation ' Particularly acetates, propionates, ahd butyraies: a.cohois. ketones, aro- 
matic solvents, glyco ethers and esters, aprotic amides, aprotic sulfoxides, and aprotic amines. Ken-Smiting examples 

SJTSS^^^J^ k6tGne ' ^ ket0ne ' amyl «"*'*W acetate, ethylene glycd butyl 
2? HJSf m ^ «ettte. ^'ene. toluene, isoprdpanol. butanoi. naphtha and other blends of aro- 
matic hydrocarbons, N-methylpyrrolidone, and isobutyl isobutyrate 

used in the art. includmg color p,gments, flake pigments, and filler pigments. Illustrative examples of these are azo reds. 
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S^SS 3rX ! m 1 ' l P&y !T ^ COpper P^'^anine blues and greens, carbazble violet mofede 
and (taryfade yellows, tolyl and naphthol oranges, metal oxides, chromates. molybdates phosphates and states s7 
-cas a.urn,nums. micas, and bronzes. While flake pignfen^ & usually stirred inTa 6.^SSSZSSi" : 

I^Loate^^ emb0drnen! ' ^ ^impositions of the invention contain no color pigments and are used 

[0ti61] Other convertibnal materials, such as dyes, flow control agents, wetting agents, slip agents UV absorbers 
HALS compounds, antioxidants, and so on may be added to the compositions P agents, uv absorbers, 

E22 J?!^ ^ mpos ! ,ion5 * lhe Present : inyen'tion are used as the outermost layer or layers of coating on a 
coated substrata The coajngs can be applied over many different substrates, including wood, metals XdS. 

^ ' '1^ Pr6ferred l ° ^ 3 ' ayer ° f and/or primer surfacer. The ^eserrt Sa^nd^ 

poahons .may be *used as a one-coat pigmented topcoat layer, or may be the clear cc«t of a «>lor-ls^eaTcoZSrte 

colosi ULT^S T**™*- ** COatin9 ™ mP ° S *° n °' P resent inve "« on fe the cleaSl coSs 
TSlorS J^ V ,,S 9n ^ mf aPP,i6d Wt>U >™« °«* a <* • basecoat composition. SuiSe pig- 
mented color coat or basecoat composrtions are well-known in the art. Polymers known in the art to be useful in basi 

SUZTrj nCM 5 T^?*** Polyurethanes. polycarbonates. polyes^ Xds^i 

S23ni^r and f° ,> ; urethaneS are P^««- Jhermoset basecoat compositions area.so prefei^d to 
M end preferred basecoat polymers comprise one cr more kinds of crosslinkable functional groups, such aThydToxy 
isocyanate airnie.; epoxy, acrylate. vinyl, silane. acetoacetafe. and so on. The basecoat polymer may be selSS' 

2, J!^* nQ CO r? ,Siti0nS ° f - inventi0n <*" be a PP ,ied to a " arfc«e to be coated accoiding to any of a 
number of techn.ques well-known ,n the art These include, for example, spray coating, dip coating roll coatingTuito 

£2 .^rTof ^ " aUtOm0,iVe apP,iCatonS - w COa,in9 is P re,erred ' ParticuLy e,ectrclta«c SJSST 
Coating layers of a m,l or more are usually applied in two or more coats, separated by a time sufficient to altow son^of 

examSl nT** ° r " , i Sh '" fr0m *• aWlW ' ayer 71,6 <iash ^ S at ambient or -^tJ^SSST£ 

example, the flasbmay use radiant heat The coats as applied can be from 12.7 - 76.2 urn (0.5 mil up to 3 Sdrt and 

ISH ? Umb6r * 00318 are "B*" t0 y' ,eid desired Anal coating thickness ' ^ 

[0065] Color-plus-clear composites are usually applied wet-on-wet The compositions are applied in coats separated 
LrTw ^ With 3 ,laSh ^between the last coat of the color composiffn SwS S 

toTs^rS 5? E T 6 " "I Simu,taneousl ^ Preferabl » *• cured base S .ayer JTaS! S 
toKSstS andthe ^ flayer is 25.4 - 76.2^(1 to 3 mils), more preferably 40.64 - 55.88 Jm (1.6 

STO^SiSr 6 ??" de ? ibed 3re Pre,erabl >' cwred with hea «- Curing temperatures are preferably from 
?^J° C 10 a*** 180°C, and particularly preferably from about 120'C to about 150°C. Typical curingtimes at these 

»S! Jr ^ an9e ^ 1 5 10 60 miPUteS> and the temperature is chosen to alkTa cure time atotf 

t .2? T^f " ,S *" ° f the.components of the coating coiSS^SiSl 

2f2T ,S ,r!! rt ' al, r 0 reaCti ° n betWee " the amin °P ,ast crosslinker and the hydroxy! gr^^'JSSShS 

selected so that the carbamate-functonal compound and the aminoplast crosslinkina aaent are reacted tna Virion* 
wetht ^Zri 0n - * 6 ZT** Cr0SS,inWn9 a9ent is from at ,east ^ 25% «V weight of the weigWof ZmEd 

aS,K^:pS^ ?n " ^ t0 fo ^ a -ted artkHa ,n a preferred embc^iment. the coated article is ap 

^^^^^ ' S ^ ? fo " OWin9 1,16 ^rnples are merely illustrative and do not 

in any way hrnrt the scope of the invention as described and claimed.. All parts are parts by weight unless otherwise 
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Examples " . . .. > . ». . ... ; . „ : 

Example 1. Preparation of beta-Hydroxy Carbamate Acrylic Ffesin 

5 [0069] An amount of 500 parts of propylene glycol monomethyl ether was charged to a reactor and heated to reflux 
(116°C). A mixture of 520 parts of methylene-2-oxo-1,3-dioxane methacrylate, 260 parts of styrene, 260 parts of 2- 
ethylhexyl acrylate, 260 parts of laurel methacrylate, 85 parts of t-butyi peroxy-2-ethythexanoate was added to the reac- 
tor over three hours. 1 35 parts of propylene glycol monomethyl ether was then added. The reaction mixture was held 
at reflux for an additional hour and twenty minutes. 

w [0070] A solution of 1800 grams of the polymerization product of caitoonate-functional acrylic resin, 350 parts of pro- 
pylene glycol monomethyl ether, and 350 parts of methanol was formed. A stream of ammonia gas was passed 
throught this acrylic resin solution. After 1.5 hours, an additional 200 parts of methanol was added. The reaction was 
continued until all of the carbonate was consumed. The reaction mixture was then heated to 123°C and 800 parts of 
solvent were removed by distillation. The final product had a carbamate equivalent weight of 493 g/equivalent and a 

is hydroxyl equivalent weight of 493 g/equivalent. 

Examples 2-4. Preparation of Clearcoats 

[0071 ] Clearcoats were prepared by mixing together the ingredients indicated in Table 1. 

20 '. 



TABLE 1 



25 





Example 2 


Example 3 


Example 4 


Resin of Example 1 


279.2 grams 


263.2 grams 


284.4 grams 


Crosslinker 1 1 


124 






Crosslinker 2 2 


62.8 






Crosslinker 3 3 




157.6 




Crosslinker 4 4 




76.4 




Crosslinker 5 5 






128 


Crosslinker 6 6 






56.4 


CYMEL™ 327 7 


86.4 


81.6 


68 


UV absorber 


12.6 


12.6 


12.6 


Hindered amine light stabilizer 


6.0 


6.0 


6.0 


Row Additive 


15 


1.5 


1.5 


Dibutyl tin diacetate 


0.8 


0.8 


0.8 


Methyl isoamyl ketone 


114.5 


114.7 


114.2 


EXXATE™800 8 


193 4 


178.4 


174.4 


Methanol 


7.6 


7-6 


7.6 



1 . 70% solution of the isocyanurate pi isophorone diisocyanate, blocked with 3 , F- 
dimethylpyrazole 

2. 70% solution of the isocyanurate of hexamethylene diisocyanate, Mocked with 3 5- 
dimethylpyrazole 

50 3. 62.4% solution of the isocyanurate of isophorone diisocyanate, btocked with dietrH- 

malonate/ethylaceloacetate 

4. 62.7% solution of the isocyanurate of hexamethylene diisocyanale, blbckea with 
diethytmalonate/ethytacetoacetate • • 

5. 65% solution of the isocyanurate of isophorone diisocyanate, blocked with methyl- 
55 ethylketoxime 

6. 75% solution of the isocyanurate of hexamethylene diisocyanate, blocked with 
methylethytketoxtme 

7. Available from Cytec Industries, Stamford, CT 

8 Available from Exxon Chemical Co., Houston, TX 
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[0072] The clearcoats of Examples 2-4 were applied over commercial solventbome and waterborne black basecoats 
on primed steel panels ^nd balked for 23 minutes, at 1 143.33X (2pO°F); The coated panels were tested for environmental 
etch resistance by exposure in Jat^onvflier Pfonda for'l4 weeks. 1 The performance of the experimental coatings for 
etch resistance was rated on a scale of 1-10, with 1 being no visible etching and 10 being total failure. The results are 
shown in Table 2. 

TABLE 2 



f . .Bas£coat v ,,, v 


, Clearcoat 


Etch Rating 


black waterborne 


Example 2 


4 


black solventbome^ 


Example?. 


. v> . 4 ■ 


black waterborne 


Example 3 


4 


black solventbome 


Example 3 


7 


-„ black waterborne ; ■ 


Example 4 


- , 4 


black solventbome 


Example 4 


7 



[0073J The invention has been described in detail with reference to preferred embodiments thereof. It should be 
understood, however, that variations and modifications can be made within the spirit and scope of the invention. 

Claims 

■1. A curable coatinq composition, comprising: 

(1a) a compound having hydroxy! functionality and carbamate functionality of the structure 

O '. 
II 

O — C — NHR 

wherein R is H or alkyl; 
y j (1b) a polyisocyanate crosslinking agent; and. 
; (1c) an aminoplast crosslinking agent 

or, in the alternative, comprising: 

. (2a) a corr^ypd having carbamate funaipnality of the structure 

o 

■ . ' • • -,...->, . ■ , . !l . .. ■ .. . ■ • ,. • ■ ■ . • 

O— C — NHR 

wherein R is H or alkyl; - 
(2b) ^ pomp^nd 

(2c) a polyisocyanate crosslinking agent; and 
(2d) an aminoplast crosslinking agent, 

wherein the effective equivalents of the aminoplast crosslinking agent is equal to or less than the equivalents of car- 
bamate functionality, and further wherein the effective equivalents of polyisocyanate crosslinking agent is equal to 
or less than the equivalents of hydroxyl functionality. 

2. A curable coating composition according to claim 1, wherein the compound of (ia) has a plurality of hydroxyl 
groups and wherein the compound of (2a) has a plurality of functional groups, at least one of which is a carbamate 
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* group. 

3. A curable coating composition according to daimT 6r ^ of (1a) and (2a) has, on average, 
a plurality of carbamate groups per molecule. . . 

4. A curable coating composition according to any one oif the claims 1 to 3, wherein the compound of (2a) has at least 
two carbamate groups and wherein the compound of (la) has at least one carbamate group and at least one 
hydroxyl group. 



5. A curable coating composition according to any one of the claims 1 to' 4, wherein the compound of (2b) has a plu- 
rality of hydroxyl groups. 7 

6. A curable coating composition according to any one of the claims l to 5, wherein the compound of (1a) and 2a) is 
a monomeric compound. • 

7. A curable coating composition according to any one of the claims 1 to 5, wherein the compound of (la) is a resin 
or polymer, preferrably an acrylic polymer or a carbamate-functienai polyester, aid 2a) is a resin or polymer, pre- 
ferably an acrylic polymer. i( V 



8. A curable coating composition according to any one of the claims 1 to 7, wherein the compound of (2b) is at least 
one member selected from the group consisting of hydroxyl-functional polyesters, hydroxyl-functional poly- 
urethanes, hydroxyl-functional addition polymers; preferrably an' acrylic polymer, &nd mixtures thereof. 

9. A curable coating composition according to claim 7 wherein the acrylic polymer has a number average molecular 
weight of from about 1000 to about 40,000. 

10. A curable coating composition according to claim 6 wherein the compound of (la) and (2a) is a hydroxyalkyl car- 
bamate, preferrably hydroxyethyl carbamate, hydroxypropyl carbamate, and mixtures thereof. 

11. A curable coating composition according to claim 6 wherein the compound of (1 a) and (2b) is an adduct ol a beta- 
hydroxy carbamate compound and an aliphatic polyisocyanate. 

12. A curable coating composition according to any one of the claims 1 to 11 wherein the ratio of effective equivalents 
of the aminoplast crosslinking agent to equivalents of carbamate functionality is at least about 0.6:1 , preferrably at 
least about 0.8:1. 

13. A curable coating composition according to each of the claims 1 to 12 wherein the ratio of effective equivalents af 
polyisocyanate crosslinking agent to equivalents of hydroxyl functionality is at least aboui 0.5:1 ; preferrably at least 
about 0.7:1. 

14. A curable coating composition according to any one of the claims 1 to 13 wherein the polyisocyanate crosslinking 
agent (1b) or (2c) is at least one member selected from the group consisting of thfe isocyanurate of isophorone 
diisocyanate, the isocyanurate of hexamethylene diisocyanate, and mixtures thereof. 

1 5. A curable coating composition according to any one of the claims 1 to 1 4 wherein the aminoplast crosslinking agent 
(1c) or (2d) is a melamine formaldehyde resin. 

16. A method of coating an article, comprising the steps of: 

(a) applying onto the article, as an outermost coating layeK'a curable coating composition according to any one 
of the claims 1 to 15 ' ■ v > 

and - ' - : -■&■,:>•■,• 

b) curing the coating composition to form a coated article. 

17. A method of coating an article according to claim 16, wherein the ca^arn^te-functional coifipbund and the amino- 
plast crosslinking agent are reacted to a sufficient extent during curing to prevent sagging of the coating. 

18. An article coated according to the method of claim 16 or 17. 
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